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INTRODUCTION.

Formation of Company.—The Victoria Falls & Transvaal Power Com-
pany, Ltd., was formed at the end of 1906, with the object of supplying
power in South Africa and Rhodesia and of acquiring the concessional
rights to develop the Victoria Falls.

Under the original proposal a supply to the Rand was to be
given partly by transmitting power from the Victoria Falls 700 miles
distant, and partly by steam-generating stations located on the reef.
The author became associated with the Company shortly after its
formation and after its original proposal had been modified through
giying up the plan to supply part of the requirements of the Rand with
power from the Falls. The increase in the coal supplies in the Trans-
vaal bringing about a reduction in the price of local fuel, the necessity
for starting operations without any delay, and the objections raised by
various vested interests to the importation of power from dutside the
Colony, were among the principal reasons for delaying the develop-
ment of the Falls until the population of Rhodesia increases or until the
demand in South Africa for manufacturing sites with cheap electric
power available justifies the expenditure. It was therefore decided to
supply the Witwatersrand from steam plant using local fuel.

The great demand for power on the Witwatersrand has arisen
through the extraordinarily successful development of the gold mines
on the reef, which, although only discovered in 1886, now produce
33 per cent of the world's output of gold. Further, it is estimated by
the leaders of the goldrmining industry that the work of raising gold,
will still be in progress on. the Rand.one hundred years hence.
. Electric Power on the Rand.—Turning for a moment to the history of

electric power on the Rand, a few details will be of interest. Siemens
and Halske were the. first to obtain a concession in 1894, and formed :
the Rand Central Electric Works,. Ltd., in 1895,.which had a plant:
aggregating 3,200 kw. capacity in 1906. Another concession was
obtained by the Simmer & Jack mine.in 1897, from* which the General
Electric Power-Company was established- in 1906 with plant having a'
capacity of 2,500 kw. In 1905 Messrs. Lewis & Marks, having in view-
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the possibility of supplying the Rand from their coalfields at Veree-
niging, 35 miles south, commenced obtaining wayleaves for a pole line,
while certain European manufacturing companies sent out represen-
tatives to report on the prospects.

The Victoria Falls Company ultimately took over the two existing
supply companies in 1907, and purchased the Vereeniging wayleaves
from Messrs. Lewis & Marks, at the same time entering into an agree-
ment with them for the right- to establish a power station at Vereenig-
ing. In 1907, pending the installation of modern plant, a supply
totalling 4,000 kw. was given from the existing steam stations which had
been purchased.

As soon as it was appreciated that a cheap power supply was
available, the mining groups entered into contracts with the Company,
and the demands for power have since increased so quickly that it has
throughout been the greatest difficulty for the Company to raise
capital and install plant rapidly enough to satisfy the demand.

In 1908 the largest group of mines, viz. that controlled by the Rand
Mines, Ltd., and Messrs. Eckstein & Co., decided to change over their
mines to electric driving.

In addition to the supply of electricity to this group of mines, the
conditions called for the supply of compressed air for working the rock
drills.' These mines agreed to purchase the whole of the power
they required and to shut down all their existing boiler plant, whereas
the other groups are not bound in this way, but have contracted' to take
electricity from no other power company, and to continue to take any
supply required by them exclusively from the power company. There
was a further stipulation in the case of the Rand Mines group that the
supply should be given by a company to be formed for the purpose
and registered in the Transvaal. This led to the registration of the
Rand Mines Power Supply Company, Ltd.; the entire capital of which
has been provided by the Victoria Falls Power Company.

The two undertakings are working under separate licences granted
by the Government in terms of a Power Act passed in 1910, but are
operated by the same management and staff. The systems supplying
the power, however, are kept as distinct as possible, but they may
be treated here solely from an engineering point of view as one
undertaking.

The peak load of the combined undertaking has reached 88,000 kw.,
and the sales average 1,350,000 units per day. These figures include the
sales of compressed air by the Rand Mines Power Supply Company to ten •
mines. The air units represent practically the same amount of energy
as if these ten mines had converted their Compressors to electric drive
and purchased electricity. When the further demands for power which
have already been notified are met by the plant now on order, the sales
will reach'2,000,000 units daily. The monthly load factor, based on the.
'hour of maximum output, varies from 70 to 74 per cent.

Terms of Supply.—The chief mining Jgroups, with the exception of
two who had already established their own private stations, have' con-
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tracted with the Company for a power supply for periods of 20 and
12 years.

The supply is furnished to all mining consumers at 2,100 volts and
525 volts. The necessary step-down transformers and switchgear are
provided by the power company, while the consumer supplies the sub-
station building and pays the power company a sum equal to 2 per
cent of the power bill to cover the losses in the step-down trans-
formers.

The standard price in mining contracts covering not less than
12 years is o-525d. per unit, as long as the monthly load factor is above
70 per cent, the load factor being based on the hour of maximum con-
sumption. This price is subject to periodical revision depending upon
the cost of production, and further, a participation with the consumers
in the profits of the business after a due return has been paid on capital
is also provided for. In the case of a failure of the supply the con-
sumers are entitled to a payment from the power company of seven
shillings per hour for each 100 kw. put out of commission.

The introduction of these prices on the Rand has reduced the cost
of power to the mines by 40 per cent, and has reduced the cost of
production of gold by an amount varying from sixpence to a shilling
per ton of ore milled. It has further resulted in considerable saving of
capital expenditure on plant, which in the case of a new mine may
amount to ;£ 100,000.

Area of Supply.—The gold is contained in a conglomerate rock which
dips to the south and is generally supposed to be the northern shore of
an ancient lake. The outcrop mines were the finest opened ; but with
the improvements in mining machinery deep-level mines have been
started to strike the reef lower down, and the farthest of these from
the outcrop is about two miles. The area over which a power supply
had to be given lies therefore within a strip about two miles broad and
stretching 50 miles from east to west. The total power used by the
mines at the present time is estimated at about 400,000 h.p. The town
of Johannesburg, which has its own electric plant, is situated about the
middle of this strip, while the township of Germiston, about nine miles
to the east, is supplied by the Company.

POWER STATIONS.

The initial power stations were laid out in order to allow of con-
siderable extension, as the immediate future demand could not be
accurately estimated. The local water supply conditions restricted the
choice of the station sites to certain artificial lakes situated along the
reef and to the Vaal River, which runs parallel to the reef and is 35
miles south.

Power plants aggregating nearly 180,000 kw. have been installed
in, or are under construction for, the stations enumerated in the
following table. They are set out in the order in which they were
built :—
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Name of Station.

Brakpan ...

Simmer Pan

Rosherville

Vereeniging

Extensions in 1913

Total Capacity of
Electric Generating

Plant installed.

Two 3,000-kw.
sets

Six 3,000-kw.
sets

Five 10,000-kw.
sets

Four 10,000-kw.
sets

114,000-kw.

Total capacity of plant installed
and in progress

Steam-driven Air
Compressors

installed.

—

Six 3,500-kvv.
machines

—

21,000 kw.

176,000 kw.

progress.

—

Three 7,000-kw.
steam-driven
air compres-
sors

—

Two 10,000-kw.
sets

41,000 kw.

At Robinson Central air station there are also six electrically-driven
air compressors each of 3,500 kw. capacity.

At all stations steam turbo-electric generating sets are employed and
produce three-phase energy at 50 cycles. Step-up transformers raise
the generator pressure to 40,000, 20,000, or 10,000 volts, and their
interposition gives additional security to the machines against pressure
rises. This method, in which there is a choice of generator voltage,
gives the further advantage of allowing the stators to be constructed
with bar winding having one bar per slot.

There is a general resemblance in the lay-out of all these power
stations, modifications being introduced to suit varying local conditions.
A description of the largest plant, that at the Rosherville Dam, is given
later, as being representative of the general design.

ELECTRICAL TRANSMISSION SYSTEM.

The main system of transmission (shown in Fig. 1) is effected by
means of 40,000-volt overhead lines stretching practically the whole
length of the reef. At the present time, however, the'western extremity
is working as a 20,000-volt distribution line. Where the load is most
dense the transmission system consists of two rows of towers each
arranged to carry two circuits.

The 40,000-volt transmission system is fed at four points, namely at
Brakpan, Simmer Pan, Rosherville, and at Robinson Central, where the
supply from the Vereeniging station joins the reef. In addition to
these distribution stations the transmission lines pass through two
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further distributing centres at Hercules to the east and Bantjes to the
west. From these six points distribution networks, laid out as ring
mains, supply the various sub-stations on the mines. The three eastern
distribution stations supply the system through io,ooo-volt overhead
lines. The central portion of the area is served by an underground

L
Guard Wires

I
Safety Screen

Kiu. 2.—Anchor Mast.

20,ooo-~volt cable system, and the western distribution network as
previously mentioned is "working at 20,000 volts by overhead lines.

The Vereeniging station is connected to the Rand by an 80,000-volt
line .approximately 35 miles long, terminating at the Robinson Central
distribution station, where the pressure is transformed to either- 40,000
or 20,000 voits, these pressures being also coupled together through
transformers aggregating 16,000 k.v.a.
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80,000-voll Pole Line.—This line consists of two rows of lattice steel
niasts equipped with four circuits of stranded copper, each conductor
having a section of 60 sq. mm. and carrying three earthed guard wires
above the conductors. Every fourth mast (commonly called an " anchor
mast," Fig. 2) is of sufficient strength to lake the full strain of the
conductors in a lateral direction ; and the three intermediate masts
(Fig. 3) are designed to take the strain due to wind pressure in a
direction transverse to the line. Extra anchor masts are also used

,Guard,Wire9 Safety Screen

FIG. 3.—Intermediate Mast.

whenever the line changes its direction, and at railway crossings. A
special end tower (Fig. 4) is used at the ends of the line.

The masts are normally spaced 500 ft. apart. The anchor masts
have an overall height of 71 ft. 6 in., the lowest cross-arm being
34 ft. 6 in. from the ground. On these masts the conductors are placed
vertically above each other, and are separated by a distance of 9 ft
Each mast was required to deflect £ in. at the top when subjected to
a horizontal pull of 4^ tons applied 44 ft. from, the ground at an arigle^
of 30 degrees to the direction of the line.



i
V

InsulatorInsulator Supports- >
orw<
O

w

r

o

K

SCALE

FIG. 4.—Station End Tower Mast.
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The intermediate masts when carrying the weight of the insulators
conductors, and guard wires, were required to give a temporary deflec-
tion at the top of |& in. when subject to a horizontal pull of 35 cwt.,
applied 35 ft. from the ground and at right angles to the line direction.
The conductors on these masts are arranged three on each side, in the
shape of an equilateral triangle having sides 8 ft. long. The lowest
support for the conductors is 34 ft. 6 in. from the ground, and a
10-ft. sag is allowed, so that the lowest part of any conductor is never
less than 24 ft. 6 in. from the ground. All masts are provided with a
safety screen to prevent any possibility of men working on one circuit
coming into contact with the circuit on the opposite side of the pole.
This screen consists of a rectangular steel framework interlaced with
galvanized steel wire-netting.

The 80,000-volt insulators used are of the disc type, 10 in. in
diameter, and connected 6 in series at each suspension and straining
point. Before erection each insulator is subjected to a mechanical

FIG. 5.—20,000-volt Cable Section.

stress of i j tons, and while in this condition is tested to 60,000 volts
for 5 minutes.

The latest type of 40,000-volt transmission line is of a similar design,
but pin insulators are employed on the intermediate lattice masts, and
4 discs are used in each string of insulators on the main towers which
take the lateral strain.

All the 20,000-volt cables have circular conductors of 100 sq. mm.
section, and are paper-insulated, lead-covered, and armoured (Fig. 5).
Each cable is capable of transmitting about 7,000 k.v.a. The cable was
specified to stand a test pressure at the factory of 50,000 volts, and a
test pressure of 40,000 volts for 10 minutes after laying.

The system has been laid out so as to be operated during the
development of the undertaking as a single system, but arranged that
when the growth of the load made it desirable (both from the point of
view of economy and also of safety of supply) it could be sectioiialized
without the necessity of running additional machinery.
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Protective Arrangements.—All transmission and distribution circuits,
with the exception of the long-distance 80,006-volt lines, are equipped
with the Merz-Price balanced relay system for automatic switch
control, without which a reliable supply on the ring main system could
not have been given, and the more expensive radial type of network
would have been necessitated. This balanced relay system is also
employed for the protection of all' transformers and for the large
generators. The pilot wires for operating this system on the 40,000-
volt transmission lines are combined with telephone circuits in a lead-
covered cable suspended overheadj while on all distribution networks
(both overhead arid underground) combined pilot and telephone, cables
are 'laid underground.

Normal Control of Operation.—A complete telephone system has
been : installed connecting up all points on the transmission and distri-
bution system and the residences of the staff. A special feature of the
lay-out of the telephone system is the arrahgement whereby the control
of all switching and the control and regulation of load, voltage, power
factor, and other operating conditions, are in the hands of the control
department. Great importance is attached to the organization whereby
the control of the whole system when in operation is in the hands of
this department, thereby greatly increasing the safety both of the engi-
neering staff and of. the supply. By means of the arrangement of
the telephone system mentioned above, one control engineer or load
dispatcher is responsible .for all routine switching and linking carried
out at any point on the electrical system during his shift, and under
the regulations no switching can be carried out without his consent.

The load dispatcher, as soon as any switching has been carried out,
adjusts a large diagram in the control room so that it shows every con-
nection on the system.

LIGHTNING AND ATMOSPHERIC CONDITIONS.

The atmospheric conditions on the Rand are in many ways
abnormal, both in summer and winter. During the winter violent
wind and dust storms are encountered, while for six months during the
summer (from September to' April) the reef is the centre of frequent
and violent lightning storms accompanied by heavy rain and sometimes
phenomenal hail. Fortunately there is no trouble from ice, and snow-
storms are almost unknown. The Rand, which is the watershed of
•that part of South Africa, is probably about the worst district in the
world for lightning, the altitude of Johannesburg being 5,760 ft.

At this altitude the range of temperature is very large, and rapid
changes in temperature occur, disturbing the atmospheric conditions.

••• The total number of lightning storms passing over different sections
of the system- during the last season (which lasted for 182 days)
amounted to 199. Most careful daily records and observations are
•taken of all atmospheric disturbances, and these records show that
lightning is encountered on an average on one out of every three days.
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The storms of varying severity passing over the different sections of
the system are about equal in number, but the number of severe storms
at the far west and the far east is considerably greater than the number
experienced in the central area of the reef, being about 25 per cent
of the total in the former case, while in the central area it is only
14 per cent. <• •:

Every storm exerts some influence of greater or lesser severity upon
the overhead system, but year by year the number of troubles caused
has been largely reduced, so that interruptions to the supply are now
infrequent, and the loss of apparatus seldom takes place.

As a general rule the effect of lightning is brought about through an
induced effect on the overhead lines setting up a high-frequency surge.
Experience goes to prove that the intensity of the induced effect is in
the majority of cases localized to some part of the transmission line,
and only in the minority of cases does it reach the end of the line with
its full severity. Further, it is quite a rare though not unknown occur-
rence for the line to be actually struck by lightning • and it is possible,
though not determined, that this may be the result of the earthed guard
wires.

PROTECTION FROM ATMOSPHERIC DISTURBANCES.

The means whereby the effects of lightning have been prevented in
the great majority of cases from disturbing the system are mainly:
(a) the employment of earthed overhead guard wires ; (6) earthing the
neutral of each separate section of the system ; and (c) by careful
selection and adjustment of lightning arresters to deal with the different
conditions arising.

When the supply was first started four years ago a considerable
amount of overhead transmission line which was not provided with
guard wires was taken over from the old company, and the neutral of
the system was also not earthed. Little accurate information then
existed regarding lightning arresters, consequently many interruptions
of the service occurred and apparatus was frequently damaged.

In analysing the effects of any lightning disturbance, it has proved
difficult to trace definitely the effect of any individual protective
apparatus. Experience has shown, however, that the guard wire
constitutes one of the most efficient systems of line protection, and
contributes largely to successful operation during storms.

During the earlier lightning seasons the neutral of the system was
not earthed, and unquestionably many interruptions and much loss of
apparatus resulted from not employing this system. One of the
troubles caused by lightning is occasioned by the arcing-over of
insulators, which with an insulated system having considerable capacity
to earth generally results in an intermittent arc to earth, thereby setting
up dangerous surges in the system. These surges lead to cumulative
trouble and cause discharges on the arresters of the other two phases,
increasing in severity until finally a> second flash-over takes place
(generally at the arrester gear itself) and short-circuits the phases. • .By
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earthing the neutral through a resistance, any arc to earth is immediately
isolated by the operation of the Merz-Price balanced relay system, and
the arresters are not called upon to continue operating. A star-delta
transformer is employed for earthing to avoid disturbance to telephones.
Since the neutral of the system was earthed it has been found that in
the majority of cases where an arc has occurred over a line insulator
the fault has been isolated so rapidly as to prevent damage to the
insulator, and the line has been immediately put back into service by
closing the switches.

LIGHTNING GEAR.

gr&&,«x * * isrs
CONSUMERS SUB-S™ HERCULES. SlMMERPAN A B R A K M N .

BANTJES S Y S T E M (Overhea

T " *~A T
? Li,|/J&/fi>f T

CONSUMERS SUB-ST

BANTJES C ISTST?

ROSHERVI uit ROBINSON.

BANTJES DIST.ST?

CONSUMERS SUB-S™

OVERHEAD LINES.

CABLE FEEDER.

£GCO

ROODEPOORT-L'VLEI FEEDERS RmerStations, Switch Houses,CompmssvStatiaa.

SlMMERPAN-BRAKPAN. HERCULES Robinson-ftosfierriffe-Btnt/es.

FIG. 6.—Lightning Horn Arresters.

At the time of the initial installation the aluminium arrester was
not on the market, and in consequence a complete system of horn
arresters was connected up. The most careful records have since been
kept of the operation and discharges occurring on these arresters, and
these records have been productive of much instructive data. The
number of pressure-rises on each of the phases with an earthed neutral
has been found to be equal, and of 2,100 discharges recorded between
October, 1910, and April, 1912, 33 per cent occurred on each phase.

The best combination of the number of horns, the spacing of arc
gaps, and the amount of resistance to earth, had to be determined hy
experience and experiment. Fig. 6 shows some of the combinations
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which, without claiming that they are the best possible, have proved
satisfactory.

During last season some aluminium arresters were installed, but no
conclusive observation of their operations were obtained. This system,
however, has been adopted for the protection of the 80,000-volt lines,
as the experience on many systems in America has been largely in
favour of this form of protection.

The danger of mechanical damage arising from violent wind
storms has been provided against in the design of the supporting
towers, and few troubles have occurred from this cause. Formerly,
with an insulated neutral the passage of the wind over the wires
produced marked static potentials relative to earth on the transmission
lines, but the earthing of the neutral is an effectual safeguard against
this.

ROSHERVILLE POWER STATION.

When the contract with the Rand Mines, Ltd., was concluded,
the site for the station was. selected at the Rosherville Dam, which is
the largest lake on the Rand, being enclosed on the southern side by
a dam. It will be seen from the table given on page 5 that this station
will shortly have a capacity of nearly 100,000 kvv. of plant installed.

Buildings.—After the new extensions are completed the turbine
room will be 450 ft. long and 75 ft. wide, and there will be five right-
angle boiler bays each containing eight boilers. The general lay-out is
shown in Fig. 7.

The station buildings are of steel construction, in which the size
and weight of each member has been kept small in order to reduce the
cost of transport.

Coal-storage Plant.—The coal-storage arrangements are very com-
plete, the coal being discharged from a height of 14 ft. through the
floors of 40-ton railway trucks into outside storage bunkers, under
which coal conveyers are arranged. The whole structure is open, as
roofing is unnecessary owing to the favourable climatic conditions.

The conveyers, each capable of dealing with 40 tons of coal per
hour, run in tunnels under the external coal store, and are fed with
coal by gravity through shoots from the coal pile above. These
conveyers are kept running practically continuously, allowing the
internal coal bunkers in the boiler house to be of small capacity. An
automatic tip is fitted over the bunkers, which tips the conveyer
buckets when the coal in any particular bunker has fallen below a
certain level. Weighing machines are installed in the conveyer
tunnels, and the coal is weighed as it passes in the conveyer buckets;

The ashes are discharged from the rear of the stokers into hand
trucks in the basement, where natives push the loaded trucks out and
attach them to a motor-operated rope haulage leading to the ash dump.
The question of removing these ashes by suction is at present under
consideration.

The class of coal burnt at this and other Rand stations is mostly the
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small coal from the collieries in the Middelburg district 60 miles
distant, mixed with a proportion of the duff produced by the coal-
cutters. The coal has an average calorific value of about 11,000
B.Th.U.'s per lb.

. Boiler House.—The large percentage of ash, viz. 18 to 25 per cent
of the coal, and the high load factor at which the plant is operated,
necessitated a combination of boiler, superheater, and economizer, that
would give the highest possible efficiency ; and the high cost of white
labour, and the inefficiency of that of the native, also required that the
plant should be mechanically operated.

In view of these considerations and the great cost of constructional
work in South Africa, the ejector system of induced draught (Fig. 8)

.. FIG. • 8.---Arrangement of Prat's Ejector Draught.

originally. devised by Mr. Prat has been'adopted in all the power
stations. Previous to the installations at Brakpan and Simmer Pan,
very little attention had been given to this method of boiler-house
operation, and its adoption was in the nature of pioneer work. The
system has been found to give the utmost satisfaction. -

In the lay-out employed, adjacent boiler units are connected to
a common ejector chimney, the top of which is go ft: above the boiler-
house floor. An electrically-driven rotary fan capable of developing;
75 h.p. b̂lovvs cold air through the ejector situated in the chimney,
thereby producing the necessary suction in the flues, and a draught of
ab'out 1 in. is usually employed.
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With this arrangement great flexibility in the boiler house is
obtained, and by the use of a torpedo-shaped damper in the air pipe
regulating the pressure of the air jet, the duty of the boiler unit can'be
easily regulated to suit fluctuations in the load.

The plant is absolutely smokeless, and it is- difficult by looking at
the ejector chimneys from outside the station to tell which boilers are
at work.

The boiler unit selected is the Babcock and Wilcox marine type,
fitted with chain-grate stokers, each having an integral'superheater and
economizer. The boilers are arranged in two rows in each boiler
house, with a central and common firing floor. Each boiler has a rated
capacity of 32,000 lb. of steam per hour at a pressure of 220 lb. with a
temperature of feed water of ioo°F., and is capable of producing
38,000 lb, of steam without undue forcing. The heating surface of the
boiler is 5,520 sq. ft., of the superheater 1,720 sq. ft., and of the
economizer 2,200 sq. ft. .

A six-hour test on one of the boiler units gave a combined efficiency
of boiler, superheater, and economizer, of 80 per cent. . • .

Turbine Room.—The turbine room at present contains five tugbo-
generators each of 12,000 k.v.a., and six steam compressors each having
an input of 3,500 kw. ; three more steam compressors each taking
7,030 kw. are also being installed. The turbines are of the A.E.G.
Curtis horizontal type, having one high-pressure wheel with three rims
of blades. The admission pressure at the intake nozzles is brought
down from 226 lb. at a temperature of 300°—3500 C. to about 20 lb..
with a superheat of about 2O°C. In the low-pressure portion of the
turbine the steam is expanded through 12 stages. Both hand and
motor regulation of the speed are arranged for.

The total weight of a I2,ooo-k.v.a. turbine set, including condenser-
and pumps, is 370 tons. • .

Generators.—The stators of each of the 6-pole generators are bar'
wound, having one bar per slot. The machines running at 1,000 revs,
per minute produce 50-cycle three-phase energy at 5,000 volts, which
is stepped up to either 10,000, 20,000, or 40,000 volts, by transformers
directly connected with the stator terminals. • Substantial clamping-is••-
employed on the end windings of the stator so as to withstand short- >
circuits. .. - > • . . _ • .

The rotor coils are lined with metal casings before being, attached
to the rotor by dovetailed^ grooves and wedges. The rotor carries a
ventilating fan at. each-end.. The frequent dust storms in South Africa
charge the air with heavy particles which might prove.dangerous in •
the ventilation of the machines, consequently each machine is provided -
with, an air filter,.having an effective surface of. fireproof: cloth of'
8,0.00 sq. ft. Each turbine set is provided with--a' direct-driven exciter,'i
while a standby supply is also available from a motor-generator and
battery. -.-, , . .- . -,i •

Condensing Plant.—The condensers have a cooling surface" of-'
17,75a sq. ft.; each .set has a centrifugal circulating .pump- of about
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663,000 gallons per hour capacity, and a centrifugal air pump, both
connected on one shaft and driven direct by a steam turbine. The
exhaust from the auxiliary turbine is taken to the middle stage of
the main turbine, where the remaining energy in the steam is utilized
down to the vacuum of the condenser.

Circulating Water Feed Pumps.—The water fo/ the condensers and
compressor jackets is taken from the lake through a channel excavated
along the front of the station, and is discharged" into a second canal
placed alongside the intake ; this canal re-delivers the warm water to
the lake at a point as far from the intake as possible. Under normal
conditions of water levels the intake water flows by gravity into the
service canal, but in order to deal with periods when the water in
the lake may be low, a pumping station has been erected half-way
along the dam wall at the deepest part of the lake. This pumping
station is fitted with vertical submerged motor-driven pumps, which
take the water from the bottom of the lake and discharge it through
pipes into the service canal.

Feed Pumps.—The boiler feed pumps are of the turbine-driven
centrifugal type, and are installed in the turbine room. With the
exception of certain electrically-driven bearing-cooling pumps, all
auxiliaries are turbine-driven.

Generator Transformers.—These are connected by cables to their
corresponding generators, and are each of 12,500-k.v.a. capacity.
Where larger transformers have been required, as for the last two sets
at Vereeniging, two transformers for each machine have been installed.
The transformers at Rosherville are of the shell type and water-cooled,
the windings nearest the terminals being specially insulated to with-
stand between adjacent turns a pressure of 25,000 volts for 5 minutes.
A test pressure of 160,000 volts was applied to the whole of the wind-
ings. The weight of each transformer complete without oil is 50 tons ;
the oil itself weighs 21 tons.

Turbo-compressors.—The steam turbo-compressors at Rosherville are
similar to the motor-driven compressors at Robinson Central, and are
each designed to deal with 22,000 cub. ft. of free air per minute with
an outlet pressure of 9 atmospheres (absolute). The power required on
the shaft is roughly 3,500 kw. In the case of electrically-driven sets
at Robinson Central each unit is divided into two halves on separate
shafts, each motor having a capacity of about 2,000 k.v.a., and being
designed to operate at full load at a leading power factor of 85 per
cent. The sets run at 3,000 revs, per minute. The steam-driven •
compressors are arranged in two sections on the same shaft with an
intercooler between them. The cooling water required for the jackets
of the compressor and intercooler amounts to about 40,000 gallons per
hour. The air leaves the compressor at a temperature of about 700 C.

Between the compressor and the pipe line an automatic non-return
valve is fitted, which allows a compressor to drop out to atmosphere
when its pressure falls below that of the air system.

By the use of the rotary compressors the air entering the pipe system
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FIG. 9.—Rosherville Station. Diagram of Switchgear.
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is kept entirely free from oil and other impurities liable to be introduced
into the air system when piston compressors are employed.

The speed regulation of the steam turbo-compressors is automati-
cally controlled by the pressure in the air pipes. The regulation of the
electrically-driven compressors at Robinson Central is effected by
throttling the intake. The weight of a turbine-driven compressor,
condenser, and pumps is 180 tons.

Switchgear.—The switchgear is laid out in a building at the southern
end of the station, and the step-up transformers are in cubicles arranged
along the outer side of the switchhouse. The last-mentioned is con-
structed with four floors : the upper floor contains the lightning-arrester
gear, the third floor the busbars, the second floor the 40,000- and
20,000-volt oil switches, whilst the lower floor is occupied with cable-
ways and pipe-passages. Duplicate busbars are installed for both the
40,000- and 20,000-volt systems, the various oil switches being provided
with knife selector switches to connect to either busbar. The 40,000-
and 20,000-volt systems are connected together through coupling trans-
formers. The switches consist of three single-phase coupled switches
operated from a remote control board. Fig. 9 shows the diagram of
connections.

Since the Rosherville station came into commercial service, troubles
have been experienced owing to failures of switches on short-circuit.
When the Brakpan and Simmer Pan stations were started to supply the
40,000-volt transmission and also the 10,000-volt local lines, their total
capacity was 24,000 kw., and. no trouble was experienced when
a short-circuit occurred on the system. When, by the addition of-
Rosherville, the system grew to 6o,ooo- and 70,000-kw. capacity, switch
breakdowns occurred conclusively proving that no apparatus was
available which could be relied upon to interrupt the immense rush of
current occurring on short-circuit.

Some serious line interruptions have in the past been caused by the
wilful throwing of bare wires over the lines. When this form of short-
circuit has occurred near a power station, apparatus has usually
been lost.

Dynamos running at a high speed have a low internal reactance.
The step-down transformers in the present case were designed with a
low reactance to give a good regulation, so that probably the total
reactance in circuit on a short-circuit was about 7 or 8 per cent. The
momentary rush of energy on short-circuit could therefore reach the
tremendous proportions of 500,000—700,000 kw. No oil switch as at
present designed could interrupt this rush of power unassisted. The
intensely hot gases formed by the arc after rising through the oil come
into contact with the air and cause an explosion, which, more often
than not is productive of a switch failure.

About the time that this -trouble became apparent on the Rand
exactly the same difficulty was being experienced on stations of
similar large output in America, and the problem was vigorously
tackled over there. Many methods have been tried at Niagara,
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Chicago, and other places, and it has become generally recognized
that it is necessary to insert additional reactances in order to limit the
rush of energy on short-circuit. In certain cases this precaution has
proved entirely satisfactory. In others additional methods for
assisting the oil switch have been necessary ; such as (i) sectionalizing
the system on to separate busbars and limiting the amount of machinery

i that would be affected by one short-circuit; (ii) the placing of two
.switches in, series timed so that one opens first and inserts a non-
inductive resistance, the circuit being actually broken by the second
switch ; (iii) the use of a special type of switch having two moving
systems, one of which first introduces reactances, and the other then
breaks the circuit. . . .

These methods have been tried on the Rand. The earthing of the
neutral through a resistance has proved most valuable, as more than
90 per cent of the faults start as faults to earth. At Rosherville and
Vereeniging reactances having a value of about 6 per cent have been
installed between the dynamos and the step-up transformers. The
latest practice is to design both generators and transformers required
for power service with large internal reactances.

At Vereeniging and at the Rand end of the 80,000-volt line two
systems of .switching have been installed. On the first two
Vereeniging machines two switches are employed in series, one intro-
ducing a non-inductive resistance ; while on the last two machines, both
of which have not yet been put into service, a two-movement reactance
switch is being installed. This switch is constructed on the lines of an
oil-break switch, but is provided with a second pair of contacts for the
final break. . The separation of .the first pair of contacts introduces two
reactances placed centrally one on each terminal bushing inside the
oil tank, and the second pair of contacts finally breaks the circuit.

At some early date the system will also be sectionalized in order to
reduce the rush of power on short-circuit, and in doing so reactances
of relatively, large value.can, be. inserted between sections in. ..those
cases where it is not economical to separate adjacent sections
permanently.

1 This problem of switchgear for dealing with enormous rushes
of power has proved one of the most difficult that has been encountered

. so far on'the Rand and also in America. It has not yet been finally
solved, nor have switches been standardized which are capable of

• dealing unassisted with these exceptionally severe service conditions.
These remarks on switchgear apply not only tp the central stations,
but also to the distribution stations, and in a less degree to the
consumers' sub-stations. 0

TECHNICAL RETURNS.
• ' . • ' ' ! " . - . •

• 1 In order to show the operating efficiency technical figures such as
are. regularly used by this Company, rather than financial figures, are
put forward in this paper.

As they participate in the profits, the consumers supplied, by the
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Company have at definite periods the right of access to the books in
order to determine the cost of a unit of power.

The supervision of the power stations by the administration is based
on weekly balance-sheets from each station, showing the efficiency of
each process. The form in which these returns are made is based upon
the underlying idea of energy, and all energy, in whatever form it appears,
whether as heat in the coal or in the steam, is expressed in the electrical
engineer's unit, i.e. the kilowatt-hour, which proves far more con-
venient than using foot-pounds or thermal units for expressing energy.
The energy value of each pound of coal, usually expressed in B.Th.U.'s,
is converted to kilowatt-hours by multiplying by 0*000293 ; thus a coal
of 11,300 B.Th.U.'s per lb. has a value of 3*3 kw.-hours per lb.

The product of the number of pounds of coal burnt per kilowatt-
hour and the energy value per pound gives the coal energy required
for each unit of electrical energy sent out; and the reciprocal of this
multiplied by 100 gives the overall efficiency of the station. Thus,
taking an average figure for Rosherville of 2^ lb. of coal per unit sent
out, and 3*3 kw.-hours (11,300 B.Th.U.'s) for the heat value of the coal
per lb., the overall efficiency is 12 per cent.

In a similar manner the energy in the steam is calculated in kilo-
watt-hours from Mollier's steam tables. The boiler efficiency is the
ratio of the kilowatt-hours in the steam (less the energy supplied from
the hotwell) to the kilowatt-hours in the coal. The efficiency of the
engine-room plant is expressed as the ratio of 1 kw.-hour of elec-
trical output to the kilowatt-hours of available energy in the steam,
i.e. to the total energy of the steam less the heat rejected to the con-
densers. The ratio of the available energy in the steam to the total
energy in the steam gives a measure of the efficiency of the condensing
process.

The balance-sheet and detailed report (see pages 21 and 22)
of the Rosherville station show how the returns of these efficiencies
are regularly made. Similar returns are prepared for the other stations,

THE COMPRESSED AIR SYSTEM OF THE RAND MINES POWER SUPPL:Y

COMPANY.

The compressed air required for the various mines had to be sup-
plied at an average pressure of 100 lb. per sq. in. delivered on the
property of each of the consumers. The initial demand involved a
maximum load of about 30,000 kw. ; but this has since been nearly
doubled. All the advantages of centralization of power production,
such as the use of large units, saving in capital and operating, diversity
amongst the mines, spare plant, etc., apply to this form of power
supply. The system of centralizing the compressor plant and trans-
mitting by pipes was therefore adopted. The distance between the
two extreme mines served by the air-pipe system is approximately
14 miles. The total length of pipe laid is 20 miles, varying in diameter

24 in., to 9 in. - . . •
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EFFICIENCY REPORT.

Operation Department. Rqsherville Station.

Two weeks ending 23rd October, 1912.

No. 1 Account. Boiler House.

21

1 To energy in coal
used (per unit sent
out)

Total

This
week.

Kw.-hrs.

8 7 0

8 7 0

Last
week.

Kw.-hrs.

8 6 0

8-6o

By energy in steam ...

Less heat in hotwell

Balance lost

Total

This
week.

Kw. his.

6-55

o-6i

594
276

8 7 0

Last
wetk.

Kw.-hrs.

6-53

o-68

5-85
275

8-6o

No. 2 Account. Turbine House.

To energy in steam
(from No. 1 Ac-
count) ... .;.

Less energy to cool-
ing pond

Available energy ...

This
week.

Kw.-hrs.

6-55

4'59

i-96

Last
week.

Kw.-hrs.

6-53

4"57

1*96

By electric output ...

Balance lost

Total

This
week.

Kw.-hrs.

I 00

096

1-96

Last
week.

£w.-hrs.

I'00

096

I 96

Efficiencies—

Boiler hcuse

Condensing process

Turbine house

Overall

B.Th.U.'s per watt-hour

This
week.

Per Cent.

68-o

30-0

510

ii'5

297

Last
week.

Per Cent.

68-o

300

510

n-6 v

293
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•DETAILED REPORT.

Operation Adjustment. Rosherville Station.

Week ending 23rd October, 1912.

Item.

Output^
1. Units sent out
2. Units, per cent of generated

Coal—
3. Lb. per unit sent out
4. Calorific value B.Th.U.
5. Energy per unit sent out ... kw.-hrs.

Water—
6. Condensed water per unit sent out lb.
7. Make up, per cent of evaporated ...
8. Hotwell temperature ... deg. C.
9. Energy in hotwell per unit kw.-hrs.

Steam—
10. Pressure lb. per sq. in.
11. Temperature at machines ... deg. C.
12. Water evaporated per lb. of coal lb.
13. Energy in steam per unit ... kw.-hrs.
14. Vacuum per cent ... ...
15. Energy to cooling pond per unit, kw.-hrs.

Ash—
16. Per cent

This Week.

4754,000
94-20

2-64
II,25O

8-70

16-20
600
68 .

o'6i

224
297
6-50
655

9160
... 4'59

1870

Last Week.

4,514,000
94-00

261
11,250

8-bo

1630
5-5o
75

068

224
296
6-54
6'53

92-00

4"57

18-50

The problems attaching to this method of power distribution had
not previously been considered on so large a scale, and*in view of the
small amount of data and experience available the successful installa-
tion and operation of this air system are of some interest.

After a number of possible alternatives for giving this supply both
economically and reliably had been considerd, it was finally decided to
install steam-driven rotary compressors at Rosherville Dam and to erect
an electrically-driven compressor station at Robinson Central Deep
(Fig. 10), a point 6 miles to the west, where a supply of water was
available for cooling purposes, the two stations operating in parallel on
a common trunk pipe-system. The additional cost of two stations as
compared with one was found to be more than offset by the saving in
the cost of air mains and by the beneficial influence oh the power
factor of the compressor motors at Robinson Central;. these motors
were designed to operate at a leading power factor of 85 per cent
at full load. ••' • .

Six steam-driven rotary compressors have consequently been in-
stalled at Rosherville, and six similar compressors, electrically-driven,
at Robinson Central, each compressor being rated at about 3,500 kw.
input. The orders for these machines were distributed among'the three
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firms who tendered, namely, the Allgemeine Elektricitals Gesell-
schaft, Pokorney Wittekind, and Gutehoffnungshiittei These machines
are the largest compressors yet constructed, 1,250-kw. capacity repre-
senting the construction limit previously reached. To meet the increase
in the demand three additional steam compressors, each rated at
7,000 kw., are under construction.

In order that a uniform price might be charged for air and electricity,
an air unit was adopted, the basis of which has already been mentioned
and may now be considered in greater detail.

Before electrification the mines obtained their compressed air
supply by reciprocating steam-driven compressors at each mine. The
agreement defined that the consumers should pay the same price for
any given quantity of compressed air as they would have paid for the
indicated steam energy necessary to enable their reciprocating com-
pressors to produce this quantity of air, assuming that they bought this
steam energy at the same rate per kilowatt-hour as they were paying'
for electrical energy for other purposes. This involved measuring the
quantity of compressed air which could be delivered for each 1*34
indicated-horse-power-hour (1 kw.-hour) developed in the cylinders of
the consumers' reciprocating compressors.

The formula for isothermal compression is :—

The work done compressing a unit weight of air isothermally
. = R T l o g ; P / P a ,

where—
R = the gas constant for air,
T = absolute temperature of intake,
P = absolute final pressure, :

Pa = absolute pressure of intake.

This gives the work done in compressing air isothermally from one
pressure to another at any temperature, and it can be expressed either'
in foot-pounds or in kilowatt-hours. Thus the quantity of air com-
pressed isothermally from one pressure to another at a given temper-
ature by 1 kw.-hour is known. This quantity is greater than the
quantity which can be compressed in a commercial compressor, the
difference being due to inefficiency caused by the losses of. the com-
pression process compared with isothermal compression, frictional
losses, and losses through leakage. The commercial unit was conse-
quently determined as a certain proportion of the quantity of air which
would be isothermally compressed by 1 kw.-hour ; this proportion
depends on the overall efficiency of the reciprocatingmine-compressors.

As each independent compressor would differ in performance from
all the others it was agreed that the compressors should be tested " by
Sample," and six machines were selected to represent the types of all in
use. Their weighted average overall efficiency was found to be
64-1 per cent, so that the commercial air unit was fixed at 0641
of the quantity of air which would be compressed isothermally by
the expenditure of 1 kw.-hour. <
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Up to this time no meter had been developed for the measurement
of air energy, and much experimental work was necessary to evolve a
suitable instrument. When one considers the time taken to produce a
successful electrical energy meter, it may be claimed that the develop-
ment of a satisfactory air meter constitutes an engineering achievement
of considerable interest.

The tests of the six compressors on the mines had to be conducted
in South Africa, and as no meter existed then, and the usual methods of
testing compressors were far from accurate, new methods had to be
devised to determine a unit on which the purchase of power worth
^2^0,000 a year for twenty years was to be based.

The measurement of the discharge from the compressors through
orifices was decided upon with the idea that the performance of the
compressors could be recorded against these orifices, which could then
be standardized by further experiments in South Africa or in Europe. A
master meter was designed by the Rand Mines, Ltd., and constructed
by Messrs. Fraser & Chalmers, which was ultimately erected in an air-
testing station at the Ferreira Deep Gold Mine. This meter is a three-
crank displacement meter of a very large size, and has been specially
designed so that any clearances, leakages, etc., which would reduce the
accuracy, have been made a minimum. Being a displacement meter a
direct measurement of the air is obtained without the'introduction
of empirical formulas. Though a large machine, standing about 10 ft.
high and 15 ft. long, it is so sensitive that it gives consistent and
accurate results for a flow of air through an orifice tV in- in diameter.
The orifices used in the compressor tests were compared with this
master meter and their coefficients determined.

Subsequently an opportunity presented itself of comparing the work
done in air measurement in South Africa with the collateral work done
in England when developing the air meters. When the results were
compared it was found that there was not more than £ per cent
difference between the two. The work of testing the six sample com-
pressors was undertaken jointly by the engineers of the Rand Mines,
Ltd., and thoSe of the Victoria Falls and Transvaal Power Company,
Ltd., and occupied twelve months.

AIR METERS.

The scope of this paper does not permit of a detailed description of
the meters, but a general description of the principle of the Venturi
meter adopted may be of interest.

From the formula given above for the work done in compressing
a pound of air from atmospheric temperature and pressure, it will
be seen that in order to obtain the total work done this work must be
multiplied at every instant by the total weight in pounds. This product
will depend upon the value of T (the atmospheric temperature) in the
formula ; but it has been agreed that the mean annual temperature on
the Rand, 6o° Fahr., should be taken throughout, and similarly also
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the mean annual atmospheric pressure of 12086 lb. per square inch was
adopted.

Measurement of the weight of air by means of a Venturi tube is
found by taking the drop in pressure across the throat, and the
temperature and pressure at the point of supply, in accordance with
the formula W = K (P H/T,) * ; where K is a constant, H is the pressure-
drop across the throat, and P and T, are the pressure and temperature
respectively at the point of supply.

As the variation in temperature at any particular mine causes but
little.inaccuracy in the registration of the meter, it was not necessary to
make the temperature correction automatic. The meters are arranged
so that an adjustment can be made on the recording mechanism to
correct the reading to correspond with the mean temperature of supply
found to exist at the mine where the meter is installed.

The final calibration to enable the dials to read direct in the "air
units " as adopted under the contract has, amongst other constants, to
take into account the efficiency of the six sample compressors; this is
done by means of a ratio-wheel. The recording mechanism has there-
fore to multiply continuously two variables, one dependent upon the
weight of air passing, and the other on a function of the pressure of
supply.

It was decided that the Venturi tube is the simplest apparatus to
adopt as a standard for the measurement of air, as it introduces no
moving parts in the pipe line such as would be introduced by fan
or displacement meters, and does not cause any appreciable drop
of pressure.

Exhaustive tests extending over many months were carried out
in order to determine the coefficient of the Venturi tube. These
tests were made by means of the displacement meter before it was
dispatched from the shops of Messrs Fraser & Chalmers.

The weight of air is measured by the drop of pressure across a
Venturi tube (T in Fig. 11) fixed in the pipe line. In the meter
adopted the Venturi head is measured by means of an inverted bell (B)
sealed by oil (O), the movement of which is controlled by a specially
shaped float (F) that enters and leaves a mercury bath (M). This float
is so shaped that the displacement of the bell corresponding to any
Venturi head is proportional to the logarithm of the number of pounds
of air passing at a given pressure and temperature. The arrangement
is sensitive to a Venturi head of less than one 10,000th of a pound per
square inch, and it will measure a Venturi head up to 0-85 lb. per square
inch.

The pressure of delivery is measured by steel diaphragms (P), and a
displacement proportional to the logarithm of the required pressure
function is obtained from them by means of a cam (P C). These two
displacements, each proportional to the logarithm of one of the
variables to be measured, are added together by means of a differential
gear (D G), similar on a small scale to that used on the back axle of
a motor-car. This combined displacement is finally converted by
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means of a logarithmic cam-(LC) into a displacement proportional to
the power (kilowatts) in the pounds of air being delivered.

The meter is provided with direct-reading recording dials which
are capable of' being connected with a clock-driven shaft running at
One revolution^ every two minutes. The displacement proportional
to the kilowatts regulates the length of time that the train remains in
gear during each revolution of the clock-driven shaft by means of a

FIG. II.—Air Meter.

clutch. To avoid winding, the clock is driven by a small constant-
speed air turbine.

The effective range of the meter is one-thirtieth of the.maximum
load. The' guaranteed accuracy which has been maintained in
operation is as follows :— .

Full load, i#5 per cent; half load, 175 per cent; one-tenth load,
2'25 per cent.

All the recorders installed are identical, with the exception of the
ratio-wheel, thus enabling any recorder to be used for any temperature
of supply and with any Venturi tube. The Venturi tubes themselves.
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are fitted with interchangeable throats, so that, in the event of the
demand of any mine increasing, no alteration is necessary beyond7

changing the Venturi throat and the ratio whe'el on the recording
apparatus.

The meters were constructed by Messrs. George Kent, Ltd., of
London and Luton.

OPERATION OF AIR SYSTEM.

The results of the,operation of the air system have been observed
over the 20 months since the supply was first put into commercial use,
and have been very satisfactory. Before the compressors were put
into commission considerable doubt existed as to whether satisfactory
parallel running of such large compressors on a common pipe system
could be obtained, as it was feared that the machines might tend to
hunt with a variation in the load on the system unless they were auto-
matically controlled. A system of automatic control was fully con~

FIG. 12.—Air Pipe-joint.

sidered, but it was decided not to proceed with it until the compressors
were tested. In the design of the compressors care was taken to make
the characteristic curve between the load and pressure as similar as;
-possible on the different compressors. —

Experience has shown, however, that there is no difficulty in parallel
running with the compressors installed, and that the engineers-in-
charge are able to operate the compressors satisfactorily. Only one
or two cases have been recorded of a compressor dropping out to
atmosphere, and this has only happened when there has been some
abnormal disturbance on the electric supply system. The steam-driven
compressors have operated satisfactorily from the start.

A series of careful monthly tests have been conducted for some
time past by taking throughout the working day 10-minute readings
of the output from the compressors and of the meter readings and
pressures at the consumers' mines. It has been found that of the air
units sent out 95 per cent have been recorded at the consumers'
meters, 3 per cent have been lost in transmission, and 2 per cent are
unaccounted for, . - • • • • ; •
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These tests have also shown that the diversity between the various
mines, of which there are ten, is very small, not exceeding as a rule
5 per cent during the working day. The monthly air load factor is at
present 50 per cent.

The drop in pressure to the various mines varies according to the
distance and the size of the pipe, but with the pipe-system laid down
the average pressure-drop is not more than 6 lb. The pressure-drop

FIG. 13.A.—Standard Type of Consumer's Sub-station. Section through
Transformer Cells.

for every load was carefully calculated before the pipe-system was
installed, and in practice it is found that the observed delivery pressure
does not vary more than 2 per cent from the calculated figures.

Careful observations are also being taken of the condition of the
pipes, and up to the present there is no reason to suppose that much
deterioration will take place. Of 4,000 joints which are designed to
allow for contraction and expansion only those within a radius of half a
mile from the stations, where the temperature variations are greatest,
have required attention,
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The joint used in the pipe line is of the spigot and socket type,
the jointing material consisting of an india-rubber ring, which is
made tight by a gland as shown in Fig. 12.

Y//////////////

V///////////7/A
FIG. 13B.—Consumer's Sub-station. Plan of Ground-floor.

CONSUMERS' SUB-STATIONS.

The electrical supply at 2,000 volts and 550 volts to the consumers'
premises is effected from step-down transformer stations, which are
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built by the consumers, but are equipped with switchgear and trans-
formers by the power .company (Figs. 13A and 13B). There are 60 of
these consumers' sub-stations connected to one system, and their
individual capacity varies from 10,000 k.v.a. to 2,000 k.v.a., the normal
size being 5,000 k.v.a.

The standard sizes of consumers' transformers are 1,000, 500, and
250 k.v.a., designed with the primary windings arranged for either
20,000 or 10,000 volts. A temperature rise of 400 C. is allowed above an
air temperature of 400 C. The windings near the outgoing terminals
will stand a pressure of 15,000 volts between adjacent turns. The
high-tension windings are tested to the secondary windings and core
with a pressure of 40,000 volts, and the insulators with 60,000
volts. The transformers have been supplied by Messrs. Siemens,
the Allgemeine Elektricitats Gesellschaft, and the Westinghouse
Company.

The transformers are exported filled with oil, thereby reducing the
cost of transport and dispensing with the necessity of drying out after erec-
tion. In order to allow for the expansion and contraction of the oil each
transformer tank is connected with a second smaller tank fixed on the
wall of the sub-station. This expansion tank is fitted with a vertical
vent-pipe so that only a small surface of oil is in contact with the air,
and by this means sludging is prevented. Each sub-station chamber
has a short stack, which induces a natural draught and provides
effectual ventilation. Double busbars are provided for each voltage.
The high-tension and low-tension switchgear in each sub-station is
arranged in different chambers with a central operating passage
between, containing no " live " material. The " live " chambers are
locked, and stringent regulations as to the possession of the keys ensure
that no unauthorized person can obtain access ; in no case is one man
allowed to enter alone.

The total capacity of the transformers in operation, including
generator transformers and coupling transformers, is unusually large,
arnounting at the present time to 450,000 k.v.a.; but this will be
increased to 508,600 k.v.a. when the transformers delivered and on
order are brought into commission.

ACCOMMODATION OF STAFF.

The Company realize the importance of welfare work and its
influence on the conditions of the life of the staff. They give a
generous support to recreation and sport, and facilitate in every
way the promotion of social intercourse among all classes of the
employees.

' Some 60 residences and quarters have been built by the Company
at the Various power stations, and at each station a boarding-house
and recreation-rooms are provided. Generally speaking, the conditions
of life compare very favourably with those of an engineer on the
mines. A fleet of 14 motor-cars is maintained in constant service for

'the use of those officers and engineers of the Company whose duties
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necessitate visiting the different parts of the system. A special
department handles all the entire transport of materials, and employs •
constantly two motor lorries and 50 mules and horses.

The author wishes to express his thanks to Major, the Hon. W. L.
Bagot, D.S.O., the Company's general manager in South Africa;
Mr. Bernard Price, the chief engineer ; Mr. G. M. Clark, the Company's
air engineer ; Professor Klingenberg, of Berlin ; Mr. T. L. Hodgson,
of Messrs. Kent, Ltd., and to the members of the staff who have kindly
given their assistance in the preparation of this paper.

DISCUSSION.
Mr. J. H. ROSENTHAL : As far as the general lay-out of the Rosher- &Ir-

ville station is concerned, the arrangement of the boiler houses in bays
at right angles to the engine-room so as to provide for a symmetrical
arrangement of engines and boilers, and at the same time give facilities
for the coal to be brought in, was first introduced in the Carville power
station of the Newcastle Electric Supply Company. That station was
the forerunner of this type of power station, and has since been copied
in a very large number of cases all over the world. A point that will
doubtless be noticed by most readers of this paper is that a 75-h.p.
fan is used for the induced-draught plant. That power is perhaps
a little more than is necessary to produce 38,000 lb. of steam in each
of the two boilers, and at first sight it looks somewhat large; but it
must be borne in mind that this figure represents a very small per-
centage of the horse-power actually produced, and also that the
plant has to operate under atmospheric conditions that are not
adapted to a high rate of combustion per square foot of grate, owing
to the barometric pressure being so low. As a matter of fact, it
would have been quite impossible to build this plant with ordinary
chimneys to produce the draught by the methods that we are generally
accustomed to. The two boilers with this one fan will produce some-
thing like 4,000 kw. The advantage over the ordinary induced-draught
arrangement is that the fan is not in the gases. The peculiar shape
of the chimneys gives more natural draught than an ordinary chimney
of the same height would when the fan is not working, and the arrange-
ment is more compact. As far as the space occupied, and conse-
quently the cost of buildings for this plant, are concerned, the heavy
freight charges render this aspect of considerable importance. It will
be seen from the paper that there is 1*19 kw. produced per square foot
of floor space, or per square foot of building. I think that is a record.
The nearest that I know to it is at Dunston power station, where there
is 1 '12 kw. produced per square foot, and next to that, I believe, comes
Lots Road, with 072 kw. per square foot. The-arrangement of the
coal storage outside the building is unusual, and looks rather .primitive
in the lantern views that we have seen;; but of course it is one of the
advantages of the climate there that the coal does not lose by exposure,
and, as there is not much rain, coal storage outside is permissible,
whereas in Europe or America we should put the coal under cover.




